The distribution of phospholipids in developing soybean seeds [Glycine max (L.) Merr., var. "Chippewa 64," "Harosoy 63," "Wayne," and "Clark 63"] was followed. From 30 to 60 days after flowering expressed as mole per cent of phospholipid phosphorus phosphatidic acid decreased from 14.8 to 9.1; phosphatidylinositol increased from 0 to 9.1; phosphatidylcholine increased from 8.2 to 9.8; phosphatidylethanolamine increased from 5.3 to 8.6; phosphatidylglycerol increased from 3.2 to 4.8; diphosphatidylglycerol increased from 2.7 to 4.1; and N-acylphosphatidylethanolamine decreased from 65.8 to 54.6. However, from 60 days after flowering to maturity, phosphatidic acid decreased to 0; phosphatidylinositol increased roughly 2-fold; phosphatidylcholine increased roughly 4.7-fold; phosphatidylethanolamine increased 3-fold; N-acylphosphatidylethanolamine decreased 11-fold; whereas phosphatidylglycerol and diphosphatidylglycerol remained essentially constant (14) was used to determine DAF. Ten plants from each variety were selected at random to monitor flowering dates. At the onset of flowering, plastic tags with pencil entries indicating varietal name, date, and node were attached sequentially at intervals of 3 days to the highest flowering node of the main stem until flowering ceased. Flower opening was anticipated at dusk if petal color could be seen through the calyx.
NPE3 has been recognized recently in higher plants from the lipids of soft wheat flour (3). Dawson et al. (5) , and Aneja et al. (1) have confirmed the structure and the presence of NPE in germinating pea seeds and in a variety of plants. The phosphatidic acid.
Singh and Privett (15, 16) have found predominatelv TG, PI, PE, and PC in lipid extracts from mature soybeans, and have detected NPE among the lipids from immature soybean seeds.
The objective of this paper is to describe the accumulation of phospholipids in the developing soybean seeds and to study the incorporation of radioactive acetate or pyruvate into the phospholipid fraction.
MATERIALS AND METHODS
Sampling of Plant Material. Four commercial varieties of soybeans (Glycine max [L.] Merr.) were used in the study reported here. "Chippewa 64", "Harosoy 63", "Wayne", and "Clark 63" were grown at the University of Illinois South Agronomy Farm. Urbana, during the 1972 growing season. A modification of the method of Rubel et al. (14) was used to determine DAF. Ten plants from each variety were selected at random to monitor flowering dates. At the onset of flowering, plastic tags with pencil entries indicating varietal name, date, and node were attached sequentially at intervals of 3 days to the highest flowering node of the main stem until flowering ceased. Flower opening was anticipated at dusk if petal color could be seen through the calyx.
Tagged flowers on the reference plants were used to determine seed age (DAF) at specific nodes in the remaining population. Sampling was initiated when seeds exceeded 100 mg fresh weight and continued at 10-day intervals until the seeds were yellow in color. One All chromatograms were run in equilibrated tanks when laboratory conditions were 21 to 24 C and 30 to 40% relative humidity. Lipid class identification was made by comparison of RF values of known lipid standards and from specific reaction with iodine vapor, 0.2% 2,7-dichlorofluorescin in ethanol diluted 1:1 with water, 0.5% ninhydrin in butanol, molybdenum spray, Dittmer and Lester (7), 20% perchloric acid spray, and modified periodate Schiff's reagent, Randerath (12) .
Standard NPE was prepared according to the method of Dawson et al. (5) by dissolving 58 mg of synthetic PE in 10 ml of chloroform, then mixing with 1.0 ml of triethylamine and 25 mg of redistilled palmitoylchloride. After 2 hr at room temperature, the mixture was shaken with 2 volumes of saturated sodium bicarbonate. The acylated product was then separated on TLC.
Preparation of Fatty Acid Methyl Esters. Polar lipid classes isolated on TLC were scraped into a 12-ml glass centrifuge tube and vortexed with 6 ml of chloroform-methanol (2:1, v/v) followed by centrifugation at 3000g for 5 min. The pellet was resuspended twice with 6 ml of chloroform-methanolwater (50:45:5, v/v/v), and finally with 6 ml of absolute methanol. All of the supernatant fractions were combined and reduced in volume nearly to dryness at 25 C with a flash evaporator. Fatty acid methyl esters were then prepared by the method of Craig and Murty (4) . Fatty acid methyl esters were separated by GLC by using a Hewlett Packard 5750 research chromatograph fitted with a flame ionization detector. The column (2.15 m X .635 cm) was packed with 15% diethylene glycol succinate on 80:100 mesh acid-washed Chromosorb W. Column temperature was 180 C; the injection port and flame ionization detector were held at 250 C. Helium flow was maintained at 35 ml/min. Heptadecenoic acid (17:0) was used as an internal standard.
Phosphorus Determination. (15) have suggested that NPE is present in relatively large amounts in the lipid of immature soybeans; they (16) have listed the main constituents of the polar lipid fraction of "Chippewa 64" soybean (40 DAF) to be PA, PI, PE, PC, and phosphatidylserine. At maturity, they detected only PE, PC, and PI. Recently, Privett et al. (11) using developing soybean seeds which were frozen and stored before lipid extraction, have reported large amounts of PA and unidentified material in phospholipid fractions. Although NPE was not identified in that paper, Singh and Privett (15, 16) have previously reported large amounts of NPE in immature soybean seed. We have made preliminary studies on the effects of freezing soybean tissue before lipid extraction and have found that the concentration of NPE extracted from nonfrozen tissue was about twice the amount taken from frozen seed. In this report, lipid extracts were prepared within 1 hour after harvest from nonfrozen tissue.
The phospholipid phosphorus determination and GLC analysis of fatty acid methyl esters liberated from the whole phospholipid fraction demonstrated an increase in total phospholipid per seed over the growing season (Table IV) . Therefore. the change in phospholipid distribution which occurred after 60 DAF would suggest that NPE was converted to PE and PC (Table III) .
Acetate-1 -`C, acetate-2-'4C, pyruvate-2-"C, and pyruvate-3-4C were all incorporated rapidly into the lipid fraction. After 4 hr of incubation, 61.7% of the incorporated radioactivity from either acetate-1-14C or -2-`4C and 61.0% of the incorporated radioactivity from either pyruvate-2-'4C or -3-4C were in the lipid fraction. No differences were noted due to the location of the label in the substrate molecule and therefore we report only data for acetate-2-'4C. (8) reported rapid incorporation of "C from acetate into flax embryo phospholipid and 1, 2-diglycerides; TG were reported to be labeled more slowly.
NPE was the predominate polar lipid to accumulate label from "C-acetate incubations (Table VI) . Over the 240 min of incubation, NPE contained from 61.6% to 76.4% of the label in the polar lipid fraction, and about 30% of the total dpm added. The only other polar lipids that contained a sizeable amount of the "C were PA, PC, and PI. After 5 min, PA contained 17.7% of the label in the polar lipids; the amount decreased to 4.6% at 240 min. PC, however, showed an increase from 2.1 to 10.9% over the period of incubation. Dybing and Craig (8) reported that "C incorporation from acetate in the polar lipids was largely associated with PC in flax seed embryos and did not detect NPE. Singh and Privett (15) demonstrated an increasing relation in the incorporation of NaI,HKPO, between PA and NPE of immature soybean seeds where NPE became the most highly labeled phospholipid after 24 hr.
Singh and Privett (16) have also suggested that NPE may be involved in lipid metabolism associated with maturation. Furthermore, because polar lipids are involved in TG biosynthesis (9), and both fatty acids (13) and NPE are heavily labeled from acetate-14C incubations, NPE may play a role in TG biosynthesis. Studies have beeen initiated which deal with the metabolism of NPE in the developing seed, and the changes in phospholipid distribution betweeen 60 DAF and maturity.
